Figure 1. Localization of EphB Receptors and Ephrin-Bs in Developing Retina

Results
Expression of EphB receptors and ephrin-Bs revealed by affinity probe with ephrin-B2-AP and EphB4-AP probes.
EphB Receptors and Ephrin-B Ligands Are Expressed
.
Orthologs of the three ephrin-B ligands known in in the Optic Tectum To examine the expression of EphB receptors in the mammals and birds have been described in Xenopus laevis: ephrin-B1 (Xlerk) (Jones et al., 1997), ephrin-B2 developing optic tectum, probes for EphB1, EphB2, EphB3, and EphB4 were used for in situ hybridization on (Smith et al., 1997), and ephrin-B3 (Helbling et al., 1999). All three are found in the Xenopus retina. Ephrin-B1 cross-sections through the brain of stage 39 embryos. EphB1 transcripts are distributed in a high ventral to mRNA is expressed weakly in a high-dorsal to low-ventral gradient in IPL, OPL, and inner nuclear layer (INL) low dorsal gradient in the optic tectum ( Figures 3A and  3B ). The EphB1 gradient covers the tectal neuropil, the ( Figure 2E ). Ephrin-B2 mRNA is strong in the RGC layer and IPL, where it appears distributed in a high-dorsal region where early RGC axons project (Holt and Harris, 1983). All other EphB receptors are evenly expressed to low-ventral gradient ( Figure 2F ). Expression is also evident in the dorsal but not ventral ciliary marginal zone.
with respect to the D-V axis of the tectum, with EphB2 transcripts being higher than EphB3 and EphB4 tranFinally, ephrin-B3 mRNA is expressed in most retinal layers and again distributed in a high-dorsal to lowscripts (data not shown). In situ hybridization on sections from stage 39 Xenoventral gradient ( Figure 2G ). An especially high level of expression was observed in the IPL. Ephrin-B1 and pus embryo brains revealed an opposing gradient of ephrin-Bs. Ephrin-B1 mRNA is in cells at the extreme ephrin-B3 mRNAs, but not ephrin-B2 mRNA, are abundant in the optic nerve head and optic nerve (Figures dorsal aspect of the optic tectum ( Figure 3C ), a region normally devoid of visual afferents. Ephrin-B2 tran-2E and 2G). the tectum, where they widen and terminate ( Figure 4A ). When exposed to 16 g/ml of EphB2-Fc, retinal axons pathfind correctly to the optic tectum. After entering their target, however, fibers terminate more dorsally than controls ( Figure 4B ). In fact, the EphB2-Fc-treated fibers appear to map to just the top half of the tectum, leaving the ventral tectum uninnervated. To quantify this effect, the D-V positions of the dorsalmost and the ventralmost optic terminals in the midbrain were measured using a coordinate system (Chien et al., 1995) (see Figure  7A and Experimental Procedures). Results are presented in Figure 4D . In control brains (n ϭ 10), retinotectal fibers widen to span about 100 m, covering a region between 53.1 Ϯ 8.8 m and 167.2 Ϯ 17.7 m below the dorsal midline. Optic projections exposed to 16 g/ml of EphB2-Fc fusion protein (n ϭ 8) widen to a lesser degree (about 70 m). Treated axons also project significantly more dorsally than in controls and terminate in an area situated between 23.6 Ϯ 7.0 m and 93.2 Ϯ 12.6 m from the dorsal midline. Strikingly, the tectal region that normally receives afferents from the ventral half of the optic tract was found to be devoid of retinal terminals. A dose-response curve showed that 8 g/ml EphB2-Fc (n ϭ 8) was sufficient to induce a significant dorsal shift of the optic terminals in the tectum. Lower possibility is that exogenous EphB2-Fc perturbs the cellular organization of the tectum, and as a result, alters the distribution of topographic cues along the dorsoscripts are also restricted to visually uninnervated reventral axis. However, the graded expression of EphB1 gions at the dorsal midline of the tectum ( Figure 3D) . mRNA in the tectum of embryos treated with 16 g/ml Finally, expression of ephrin-B3 is high in the tectum of EphB2-Fc appeared normal and did not differ from the but shows no D-V gradient (data not shown).
pattern described in normal embryos (data not shown). EphB1-Fc (only 1.4% Ϯ 1.4% of the explants showed a repulsive response and 32.1% Ϯ 5.8% were apparently Ephrin-B2
EphB Receptor Affects Neurite Outgrowth from
⌬C cDNA was injected together with myctagged green fluorescent protein (GFP-myc) into the two insensitive to EphB1-Fc). In the absence of clustered EphB1-Fc, however, the majority of retinal explants did antero-dorsal blastomeres of four-cell stage Xenopus embryos. Explants from the dorsal retina of GFPnot respond to the stripe substrate (attraction, 9.2% Ϯ 6.7%; repulsion, 3.0% Ϯ 3.0%; no response, 87.8% Ϯ expressing eyes were then cultured on membrane substrates from L-EphB4 cells or control cells. Expressing 5.1%; Figures 5I and 5K) . A certain degree of unspecific guidance in this assay was previously described by neurites were immunostained with an anti-myc antibody, and the mean neurite length in each experimental Drescher and colleagues (Hornberger et al., 1999) and might be explained by mechanical forces. Retinal axons condition was measured. The results (summarized in Figure 5F) tion of each terminal in the tectum was determined on ephrin-B interactions using exogenous EphB2-Fc. Quantitatively, however, expressing the dominant-negative whole-mount brain preparations (see Figure 7A ). To control the origin of the retinal fibers, we also analyzed the ephrin-B2 ⌬C construct in dorsal cells causes a smaller change in D-V position than applying EphB2-Fc to the location of transfected cells in cross-sections through the eye (see Figure 7B) . We included only specimens in optic pathway. In contrast to RGC axons expressing ephrin-B2 ⌬C , axwhich all labeled fibers came from RGCs whose location in the dorsal part of the retina could be confirmed.
ons transfected with the wild-type ephrin-B2 WT showed a tendency to project slightly more ventrally than control Dorsal retinal axons lipofected with the dominantnegative ephrin-B2
⌬C projected significantly more dorfibers ( Figures 6A, 6C, 6D , and 6F), about 10 m below their appropriate termination zone (Ϫ9.2 Ϯ 5.0 m in sally in the tectum than control axons lipofected with GFP-myc ( Figures 6A, 6B, 6D, and 6E benzidine (DAB, Sigma), and mounted in PBS.
Whole-Mount and Cell Culture Staining with Receptor/ Retinal Explant Cultures Ligand Affinity Probes
Glass coverslips were coated with 10 g/ml of laminin and 20 g/ml In situ staining using the zebrafish ephrin-B2a and EphB4b ectodoof poly-L-lysine in PBS (1 hr at 37ЊC), washed with PBS, and then mains fused to alkaline phosphatase (ephrin-B2-AP and EphB4-incubated with 50 g/ml of membrane suspension purified from L AP respectively [Durbin et al., 1998 ]) was performed as previously cells (2 hr at 37ЊC). Coated coverslips were placed in a Nunc 4-well described (Nakagawa et al., 2000) . In zebrafish, some genes have plate in 500 l of culture medium (60% L15 media, 40% H 2 O, supplebeen duplicated: ephrin-B2a and ephrin-B2b, or EphB4a and mented with 0.1% BSA, 0.4%-0.2% methylcellulose, 100 U/ml peniEphB4b are paralogs of mammalian ephrin-B2 and EphB4, respeccillin, and 100 g/ml streptomycin). Explants from either dorsal or tively. For staining retina, eyes were dissected out and the pigventral retina were dissected from stage 28-32 embryos and pimented epithelium was removed before processing.
petted onto the membrane substrate. Cultures were fixed after 40 hr in vitro in 4% paraformaldehyde with 15% sucrose. Quantitation of neurite outgrowth was done by measuring the length of retinal In Situ Hybridization Plasmids used for probe synthesis have been described previously:
axons from the external border of the explant to the tip of their growth cone using IPLab Spectrum P software. Statistical compariephrin-B1 (Xlerk) (Jones et al., 1997), ephrin-B2 (Smith et al., 1997) , sons between average axonal lengths under different culture condision and morphology in an integrin-dependent manner. EMBO J.
